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VALIDATION OF MOTIONWATCH8 ACCELEROMETER INTENSITY 
CUTPOINTS IN CHILDREN 
HSUAN-PING LIN 
ABSTRACT 
Objective. Excess body weight in children has become a serious public health 
concern worldwide. The Centers for Disease Control and Prevention (CDC) 
demonstrated that childhood obesity has tripled since the 1970s in the United 
States. To prevent childhood obesity, the CDC recommends that children 
achieve 60 minutes of moderate to vigorous physical activity each day. A variety 
of wearable monitors are available for objectively assessing activity but these 
methods are complicated by the lack of established values for the activity 
intensity and comparability across devices. The purpose of this study is to 
establish activity intensity cutpoins for the MotionWatch8 (MW8) accelerometer in 
children by comparison with the gold standard cutpoints established for the 
Actigraph GT1M accelerometer.  
Material/Methods. 40 children (ages 9-13 years) from Syracuse, NY were 
enrolled in this study. All participants were required to wear the two different 
monitors on the dominant wrist as they performed a resting activity (4-minute 
sitting), a 4-minute slow-paced walk, a 4-minute faster-paced walk, and a 2-
minute vigorous running game to mimic the different intensities a child might 
perform in a free-living environment. Linear regression and receiver operating 
		 vi 
characteristic (ROC) curves were performed to assess sensitivity and specificity 
of MW8 intensity cutpoints. 
Result. Mean value for each activity were positively correlated between MW8 and 
the Actigraph (r=0.85, p<0.001). The optimal cutpoints for differentiating 
sedentary from light physical activity, light from MVPA, and moderate from 
vigorous activity were (≤32 counts, ≥ 371.5 counts, and ≥ 859.5 counts per 30 
second interval, respectively). 
Conclusion. The MW8 is a simple and objective instrument for measuring 
physical activity in children. This study provides usable cutoff values for further 
testing the validity of the MW8 for measuring physical activity patterns among 
children. 
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INTRODUCTION 
 
Childhood obesity 
Excess body weight in children is one of the most severe public health 
issues worldwide.2 According to National Health and Nutrition Examination 
Survey, childhood obesity has tripled since the 1970s in the United States 
(U.S.).3 The consequences of childhood obesity are both immediate and long-
term health problems. In the short-term, children with obesity may have a higher 
chance of suffering from depression, low self-esteem, and social isolation.4 They 
may also experience sleep apnea, hypertension, insulin resistance, type 2 
diabetes mellitus, and cardiovascular diseases.5-9 In the long-term, obese 
children have at least double the risk of remaining obese into adulthood 
compared with normal-weight children10 and have higher risks of metabolic 
syndrome, heart disease, type 2 diabetes mellitus and cancers later in life.11 
Therefore, childhood is the optimal time for early intervention aimed at preventing 
obesity and long-term health problems.  
 
Physical activity 
Obesity is caused by energy imbalance, which may be due in part to low 
physical activity energy expenditure. Since the first epidemiologic study of 
physical activity and chronic disease risk was published, by Morris et al. in 
197312, an abundance of evidence has shown the beneficial effects of physical 
	2 
activity.13 The American Heart Association (AHA) recommends children to have 
60 minutes or more of moderate to vigorous-intensity aerobic activity every day 
and should include vigorous-intensity at least three days a week.14,15 However, 
despite this knowledge, the World Health Organization (WHO) reported that 81% 
of adolescents aged 11-17 years did not meet the AHA recommendation of 
physical activity globally in 2010.16	As such, methods are needed for the 
objective measurement of physical activity to assess whether these guidelines 
are being met and to determine whether following these guidelines is associated 
with better health outcomes. 
Physical activity is defined as “any bodily movement produced by skeletal 
muscles that result in energy expenditure”.17 The currently available 
measurements for assessing physical activity could be classified into five distinct 
categories:  indirect calorimetry, survey procedures (activity diaries and 
questionnaires), physiological markers, behavioral observation, and motion 
sensors.18 These five categories can be further grouped into three types: criterion 
methods, subjective methods, and objective methods.19  
 
Criterion methods 
Direct calorimetry was considered the gold standard method to assess 
physical activity. This method measures energy expenditure in a calorimeter by 
estimating heat production and heat loss from the body. However, indirect 
calorimetry is used more often than direct calorimetry for reasons of cost and 
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feasibility.20 Indirect calorimetry estimates energy expenditure using gas 
exchange measurements (oxygen consumption and carbon dioxide production) 
based on the fact that all the gas exchanged is due the utilization of three energy 
fuels (proteins, carbohydrates, and fats).21  
Although calorimetry methods are true gold standard approaches for 
assessing energy expenditure, it is typically unrealistic to use these methods in 
large population studies. Therefore, doubly labeled water (DLW) has become 
widely accepted as the gold standard approach for assessing energy expenditure 
in the epidemiological setting.22 The principle of DLW is based on measuring the 
elimination rate of two isotopes 18Oxygen (18O) and 2Hydrogen (2H), thereby 
allowing for estimation of carbon dioxide (CO2) during a specified period of 
time.23 Importantly, DLW is suitable for a wide range of free-living individuals; but 
only provides information about total energy expenditure, not energy expenditure 
derived from physical activity directly.24 Another consideration is the cost of DLW. 
The price of the two stable isotopes has more than doubled due to increasing 
demand for Positron Emission Tomography (PET) scans and short supplies of 
isotopes.25  
 
Subjective methods 
Self-reported measures of physical activity including questionnaires, 
activity diaries, surveys, and interviews are considered subjective methods. 
These methods are frequently used due to the low cost, low participant burden, 
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and simplicity in large-scale studies.26 However, the activity information acquired 
from self-report relies on the participant’s memory and interpretation of the 
questions which often creates response or recall bias,27 especially in children.28 
A systematic review in 2009 demonstrated that 72% of self-reported instruments 
used in pediatric populations overestimated moderate-to-vigorous activity.29 
Therefore, objective measurement tools such as motion sensors may offer a 
potential solution to this problem.30  
 
Objective methods 
Objective techniques for measuring physical activity commonly include 
heart rate (HR) monitors, pedometers, and accelerometers. HR monitors are 
used to assess physical activity based on the assumption that there is a linear 
relationship between heart rate and oxygen consumption.31 However, the 
assumption is violated during a low-intensity activity due to other energy 
demands by factors such as caffeine intake, smoking, and stress.32  
The pedometer is a small device that captures vertical movement during 
gait cycles. Typically, they record data by counting the number of steps over a 
period of time, which can also be used to estimate energy expenditure from 
physical activity.33 However, pedometers do not provide precise measures of 
total daily movement, in particular since not all types of activity can be monitored 
with this instrument. The accelerometer with multiple axis measurements, by 
contrast, can better capture total body movement and also distinguish the 
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intensity of physical activity.34 Hence, accelerometers have become the most 
commonly used methods for assessing physical activity.35 
An accelerometer is a motion sensor that can measure “accelerations,” or 
the rate of change in velocity for an individual over a given time, generating count 
values. By using various prediction equations, these count values are translated 
into energy cost, namely, the metabolic equivalent of tasks (MET).36 MET is a 
simple procedure for estimating the energy cost of physical activity.37 During 
exercise, one MET is the energy required by an individual while seated at rest. 
Thus, METs could be thought as an index of the intensity of activity.38 The MET 
value is commonly used to provide clinical guidelines for a population (sedentary 
activity;  <1.5 METs, light activity; 1.5-2.99 METs, moderate activity; 3-5.99 
METs, and vigorous activity; ≥ 6 METs).39 The usual MET value for an individual 
may be used as a measure of usual physical activity. Accelerometers are often 
used as surrogate measures of usual activity and have identified appropriate 
cutoff values reflecting different MET levels of activity. Among all accelerometers, 
the Actigraph is considered a gold-standard because it is the most broadly used 
commercially available instrument40 that has been validated in children and 
adolescents.41-43  For every new accelerometer device, the cutpoints based on 
the count values must be established to allow the intensity of physical activity 
being classified.44 
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Quality of sleep 
It has been shown that quality of sleep may also contribute to obesity in 
early life.45 Sleep plays an important role in hormone regulation which related to 
growth, maturation, and energy homeostasis.46 Sleep deprivation often results in 
fatigue, mood disturbance, and lower performance during daytime.47 In addition, 
changes in hormone regulation may lead to energy imbalance and promote 
obesity.47,48 Traditionally, polysomnography (PSG) was considered the gold 
standard measure for evaluation of sleep.49 However, PSG is laboratory-based 
which is impractical to use in free-living conditions.50  With the rapid technological 
improvement in recent years, wrist-worn accelerometers have been validated for 
assessing sleep quality.51  
The latest wrist-worn device, MotionWatch8 (MW8) has been validated as 
a reliable method for monitoring sleep quality over a long-term period at home in 
older populations.52 The MW8 has also been validated as an objective 
measurement of physical activity among older adults.1,53 To our knowledge, the 
MW8 has not been validated for measuring either physical activity or sleep 
quality in children. 
 
Study objective 
In the past decade, the number of accelerometer-based physical activity 
research publications has increased seven fold.54 With the increase in 
commercially available wrist-based accelerometer devices, there is a need for 
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deriving optimal intensity cutpoints for assessing physical activity in children 
using these devices to meet the physical activity guideline. The goal of this study 
is to fill a gap in this scientific literature.  
In this study, we tested the validity of the MW8, a water-proof, tri-axial, 
light-weight wrist-worn accelerometer (CamNtech Ltd, 2012). The MW8 provides 
a long-term continuous recording of physical activity for up to six months, a 
period that is longer than that for other accelerometers.40 We aimed to establish 
the intensity cutpoints for the MW8 accelerometer by comparison with the gold 
standard cutpoints set for the Actigraph GT1M accelerometer in children 
performing a standardized set of activities. 
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METHODS 
 
Participants  
A total of 40 male and female participants (aged 9-13 years) from the 
Syracuse, NY community were enrolled in this study as part of the Environmental 
Exposures and Child Health Outcome study. The participants’ characteristics can 
be found in Table 1.  All children were either African American or white without 
any serious medical or developmental disabilities based on a health history 
questionnaire filled out by their parents. Participants with any medical history of 
cancer, diagnosed hypertension, stroke, thyroid disease, pancreatitis, neuralgia, 
or diabetes were excluded from this trial. This study was approved by the 
institutional review board of Syracuse University. All guardians and participants 
provided written informed consent prior to enrollment.  
 
Study Design and Activities 
Children were asked to wear two accelerometers on their dominant wrist 
and were then led through a series of four activities designed to reflect different 
energy intensities in which a child might be involved in a free-living environment. 
The first activity was to watch a 4-minute video of relaxing beach scenery while 
sitting in the laboratory. Subsequent activities were conducted during a second 
visit in a gymnasium. For the second activity, participants were asked to walk to 
the beat of a slow-paced song (147 BPM song for 4 minutes). The third activity 
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was a slightly faster-paced, 172 BPM song for another 4 minutes. Finally, during 
the fourth activity, children were instructed to play a game, moving balls from one 
container to another container as fast as possible for 2 minutes. Due to time 
constraints of the study, only 20 children performed the first (resting) activity. The 
second, third, and fourth activities were conducted by all 40 children. 
The start/stop time was closely monitored by trial investigators. Data were 
collected in 15-second periods. The first 15 seconds and last 15 seconds in each 
activity were removed from statistical analysis and, for the remaining data, each 
pair of 15-second time periods was summed  to create 30-second epochs. These 
adjustments were made to the data to minimize potential start/stop time 
discrepancies.  
 
Physical activity measurement 
ActiGraph. The ActiGraph model GT1M (ActiGraph, LLC, Fort Walton Beach, 
FL) is a water resistant, uniaxial accelerometer using a micro-electro-mechanical 
systems. The ActiGraph is designed to measure and record a dynamic 
acceleration ranging of 0.05-2.5g with a frequency range of 0.25-2.5 Hz 
(Actigraph 2008).55 The ActiGraph was chosen for this study since it has been 
extensively validated in children for measuring free-living physical activity.42  
 
MotionWatch 8 (MW8). MW8 is the latest version of Actiwatch (CamNtech Ltd., 
Cambridge UK © 2012). It is a waterproof, tri-axial accelerometer designed to 
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record acceleration ranging from 0.01-8g with a frequency range of 3-11 Hz 
(CamNtech 2012). For the purpose of the validation study, all participants were 
asked to wear both Actigraph and MW8 on the dominant wrist during the same 
time. 
 
Measurement of body composition and pubertal status 
Height and weight were measured by using a mechanical physician scale 
with a stadiometer (Detecto, Webb City, Missouri). BMI was calculated as weight 
(kg)/height (m2). Because of the changes in weight and height with growth and 
development,  BMI percentile was used to express a participant’s BMI according 
to CDC growth charts.56 Peterson’s Pubertal Development Scale57 was used to 
assess each participants’ pubertal development subjectively (scale from 1-5; 1 = 
prepubertal, 2 = early puberty, 3 = midpuberty, 4 = late puberty, 5 = 
postpubertal).  
 
Statistical analysis  
Linear regression was conducted to determine the association between 
the validated Actigraph monitor and MW8 monitors. 
Receiver operator characteristic (ROC) analyses58 were performed to 
determine intensity cutpoints for the MW8 associated with sedentary, moderate-
to-vigorous physical activity (MVPA), and vigorous activity cutpoints in 
comparison with the previously established for the Actigraph monitor in children 
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by Crouter et al.43 Sedentary activity was defined as < 216 counts per 30 
seconds, light activity was the boundaries for sedentary activity and MVPA, 
MVPA	≥ 2166 counts per 30 seconds, and vigorous activity ≥ 6780 counts per 30 
seconds for the Actigraph monitor.  
For the ROC curves, Actigraph counts were coded as 0 or 1 according to 
the cutpoints being established from Crouter et al.43 For example, when the 
moderate-to-vigorous activity cutpoints were being established, Actigraph counts 
< 2166 were assigned “0” while Actigraph counts ≥ 2166 were assigned “1”. One 
participant was excluded from all analysis due to technical issues during 
monitoring, leaving 39 subjects for analysis.  
The Youden index (J) was used to generate optimal cutpoints of MW8 for 
different levels of physical activity59 from the ROC curves. This method is 
commonly used for establishing optimal cutpoints.60 The sensitivity, specificity, 
and accuracy of each intensity cutpoints were expressed as area under the 
receiver operating characteristic curve (AUC).61 Sensitivity was defined as the 
probability that MW8 cutpoint will correctly classify a given level of activity (true 
positive) whereas the specificity is the probability that MW8 cutpoint will correctly 
identify those who are not the given level of activity.61 In order to minimize false 
negatives and false positives equally, cutpoints for MVPA and vigorous activity 
were selected where the sum of the sensitivity and specificity was greatest. To 
choose the sedentary activity cutpoints, we decided to prioritize higher specificity 
to minimize the false positives which may occur due to arm movements.  
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All statistical analyses were performed with SPSS (version 24; IBM, 
Somers, NY) and SAS studio (version 3.6; SAS Institute Inc, Cary, NC). A 
significance level of alpha = 0.05 was used to indicate statistical significance. All 
values are reported as mean ± standard deviation (SD). 
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RESULTS 
 
Participants Characteristics 
The 39 children in the study had a mean age of 10.2 ± 1.2 years, were 
43.6% female, and had an average BMI percentile = 59.7% ± 32.4% (Table 1). 
There was substantial racial diversity, with 30.8% African American and 69.2% 
Caucasian American children, and a wide range of pubertal status. Study 
characteristics for the subsample of subjects that only participated in the 
sitting/resting activity are provided in Supplemental Table 1 (n=19). 
 
Table 1. Participant characteristics (N=39) 
 
Participant characteristics Mean (SD) or N (%) 
Age (years) 10.2 (1.2) 
Height (inches) 57.2 (5.2) 
Weight (pounds) 91.4 (34.8) 
BMI (kg/m2) 19.1 (4.3) 
BMI percentile (%) 59.7 (32.4) 
Waist circumference (inches) 26.6 (4.7) 
Gender  
     Male 22 (56.4) 
     Female  17 (43.6) 
Race  
    Caucasian 27 (69.2) 
    African American 12 (30.8) 
Pubertal development  
     1 6 (15.4) 
     2 8 (20.5) 
     3 19 (48.7) 
     4 6 (15.4) 
 
Abbreviations: BMI, Body Mass Index 
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The mean Actigraph and MW8 accelerometer counts for every 30 seconds 
are shown in Table 2 for each of four prescribed activities—(1) sitting/resting, (2) 
slower-pace walking, (3) faster paced walking, and (4) running game. For both 
accelerometers, there was a large increase in counts/30 seconds between the 
sitting/resting activity and the slower-paced walk. The rate of increase in the 
counts/30 seconds from each activity level to the next was slightly higher with the 
Actigraph device than with the MW8 
 
Table 2. Mean (SD) counts/30 seconds for prescribed activities measured 
with Actigraph and MotionWatch8 
  
Activity  N Actigraph  counts/30 sec 
MotionWatch8 
 counts/30 sec 
 
1. Sitting/Resting 
 
19 
 
293 (272) 
 
69 (63) 
 
2. Slower-paced walk (147 BPM song)  
 
39 
 
2481 (948) 
 
435 (230) 
 
3. Faster-paced walk (172 BPM song) 
 
39 
 
3420 (1402) 
 
630 (300) 
 
4. Running game 
 
39 6569 (2278) 1040 (417) 
 
Abbreviations: BPM, beat per minute; sec, seconds; SD, standard deviation. 
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Regression Analysis 
Average counts per 30 seconds intervals for the MW8 were all positively 
correlated with average counts per 30 seconds from the Actigraph (r=0.85, 
p<0.001) (Figure 1).   
 
 
 
 
 
Figure 1. Correlation between mean output from MW8 and Actigraph. 
(Diamond: resting, triangle: slower-paced walk, dot: faster-walk, square: running 
game) 
 
 
 
 
r=0.85, p<0.001 
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Receiver operator characteristics (ROC) Analysis 
ROC curves were created to identify cutpoints for sedentary, moderate-to-
vigorous, and vigorous physical activity (Figures 2a through 2c). The area 
under the curve (AUC) was used to evaluate classification accuracy for different 
intensities of physical activity. The MW8 activity intensity cutpoints that we 
established to distinguish vigorous from non-vigorous activity, and MVPA to non-
MVPA both performed well (AUC: 0.937, 95% CI: 0.91, 0.963. AUC: 0.885, 95% 
CI: 0.835, 0.936, respectively), while the AUC for sedentary activity was the least 
precise at 0.885 (95% CI: 0.835, 0.936) (Table 3).  
 
                     
 
 
 
 
A. 
	17 
                                               
                      
Figure 2. Receiver operator characteristic (ROC) curves for activities of 
four different intensities. 
B. 
C. 
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Determining optimal cutpoints 
The values of MW8 cutpoints, sensitivity, and specificity for sedentary, 
MVPA, and vigorous activities are listed in Table 3. The Youden index (J) was 
used to generate optimal cutpoints. We chose to select our cutpoint for sedentary 
behavior by optimizing specificity to avoid incorrectly classifying higher-intensity 
physical activity as sedentary behavior. This yielded a sedentary cutpoint ≤32 
counts/30seconds with a sensitivity of 70% and specificity of 87%. In order to 
minimize false negatives and false positives equally, cutpoints for MVPA and 
vigorous activity were selected where the sum of the sensitivity and specificity 
was greatest. The cutpoint chosen for MVPA was ≥ 371.5 counts/30seconds, 
which yielded a sensitivity and specificity of 84%. The cutpoint for vigorous 
activity was ≥ 859.5 counts/30seconds, which yielded a sensitivity of 89% and 
specificity of 87%. The cutpoints for light activity are the boundaries for sedentary 
activity and MVPA. The cutpoints for moderate activity are the boundaries for 
MVPA and vigorous activity. 
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Table 3. Selected cutpoints and corresponding sensitivity and specificity 
values for MotionWatch8 per 30 seconds 
 
 Cutpoints 
 
Sample 
size for 
ROC 
analysis 
Sensitivity Specificity Area 
under 
ROC 
curve 
(AUC) 
      
Sedentary ≤32 19 0.7 0.87 0.885 
Lighta 32.5-371 - - -  
MVPA* ≥371.5 39 0.84 0.84 0.914 
Moderateb 371.5-859 - - -  
Vigorous ≥859.5 39 0.89 0.87 0.937 
 
Abbreviations: *MVPA, moderate to vigorous activity. 
a Light activity is the range between are the boundaries for sedentary activity and       
  MVPA 
bModerate activity is the range between the lowest level for MVPA and cutoff   
 value for vigorous activity. 
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Comparison of optimal cutpoints from different population 
A previous MW8 validation study in older adults by Landry et al.1 
suggested that the optimal cutpoints for sedentary and MVPA were ≤ 89.25 and 
≥ 281.25 counts/30seconds, respectively. By applying the cutpoints to our study, 
both sedentary behavior and MVPA yielded higher sensitivity, but lower 
specificity (91% vs. 59% and 94% vs. 69%, respectively) (Table 4). 
Table 4. Cutpoints developed in older adults (Landry et al.1) had low     
specificity for sedentary and MVPA in our population 
 
 Cutpoints/30secs 
Developed by 
Landry et al. in 
older adults 
Sensitivity 
In our study 
population 
Specificity  
In our study 
population 
 
Sedentary <89.25 0.91 0.59  
     
MVPA* ≥281.25 0.936 0.69   
   
  Abbreviations: *MVPA, moderate to vigorous activity; sec, seconds. 
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DISCUSSION 
 
The primary purpose of this study was to establish the optimal cutpoints of 
wrist-based accelerometer MW8 for the classification of sedentary, moderate-to-
vigorous, and vigorous activity in children to provide an accurate method for 
assessing the intensity of physical activity. We, first, observed that the values 
recorded simultaneously by the MW8 device and the Actigraph device during 
different activities were strongly correlated. Next, we identified optimal cutpoints 
to differentiate sedentary from light physical activity, light from MVPA, and 
moderate from vigorous activity (≤32 counts, ≥ 371.5 counts, and ≥ 859.5 counts 
per 30 seconds, respectively).  
Childhood is an ideal window for early lifestyle interventions aimed at 
preventing obesity.62 Due to feasibility and cost, the most commonly used tool to 
assess physical activity in children is self-report or proxy-report from parents.63,64 
Pedometers and accelerometers have been increasingly popular due to the 
ability to reduce the subjectivity inherent bias from self-reported data and can 
also be used in large population-based studies.65 Using wrist-based 
accelerometers to measure physical activity has been reported to have much 
greater compliance than hip-mounted accelerometers.66 A previous study found 
that the wearing time for hip-mounted accelerometer was the lower in children 
aged 6 to 11 years old compared to other age groups.67 It is also important to 
consider how the placement of accelerometers on the body impacts validity of 
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the physical activity assessment.41 Hip position is close to the center of the body, 
better reflecting whole-body movement, thus yielding higher correlations with 
energy expenditure.68 However, certain activities mainly require upper-body 
movement and these activities such as playing computer games, basketball, and 
using a punching bag may not be precisely measured using hip-mounted 
accelerometers.69,70 Choosing wrist-based accelerometers may overcome this 
issue. Thus, our study identified cutpoints for a wrist-based accelerometer, MW8, 
for classifying physical activity intensity among children. 
To our knowledge, there has been only one study in older adults aimed at 
identifying cutpoints of MW8 for measuring physical activity.1 Thus, we chose to 
examine the sensitivity, specificity, and accuracy of intensity cutpoints 
(expressed as the AUC) using a previously-validated Actigraph device for 
measuring activity levels. Our cutpoints for sedentary activity in children were 
lower than those for older adults in the study by Landry et al.1 The AUC for 
sedentary activity from the study of older adults was 0.81 while the AUC in this 
study of children for the same activity level was 0.89. In the older adult study, the 
AUC for MVPA was 0.79 while in this study of children, the AUC for our cutpoints 
was 0.91.  
AUC scores above 0.9 are considered to have excellent accuracy. Scores 
from 0.80-0.89 are considered good, 0.70-0.79 are considered fair, and those 
below 0.70 to have poor accuracy61. Thus the MW8 performance in children in 
the current study was generally good. 
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There are several reasons that may contribute to the differences in 
cutpoints we identified. First, intensity cutpoints of previous study was 
established in older adults (aged 57-80 years) while intensity cutpoints of this 
study was examined in children (aged 9-13). Comparable activities among 
children are generally less efficient than the same activity performed by an adult. 
This difference may lead to different count values for a similar activity performed 
by children and adults. Secondly, we selected 30-second time intervals, instead 
of the 1-minute intervals used in the previous study.1 Our shorter time periods 
may have allowed us to capture the variable patterns of MVPA and vigorous 
activities for children.42 Considering the various intensity cutpoints we established 
compared to the previous study, it is clear that different intensity cutpoints should 
be used when applying to a different age of populations. 
Another issue associated with measuring habitual intensity of activity 
pattern in children is how to accurately classify sedentary behavior. Sedentary 
activity is difficult to identify by any device due to the difficulties using motion 
sensors to differentiate between sitting and standing.71 Sedentary behaviors are 
defined as any behavior in sitting position that required energy expenditure as a 
MET of 1.5 or less.72 E. Johansson et al. demonstrated that the time spent in 
sedentary behavior recorded by wrist-based accelerometers was overestimated 
when maximizing the specificity and sensitivity of ROC analysis in preschool 
children.73 Youngwon Kim et al. also indicated that sedentary time is often 
overestimated in school-aged children when applying established cutpoints for 
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accelerometers to classify sedentary behavior.69 We sought to avoid this problem 
by prioritizing specificity of sedentary cutpoints, which may prevent light activity 
from being misclassified as sedentary behavior. 
 
Limitations 
The intensity cutpoints in this study were determined predominantly in a 
laboratory setting. The findings should be further confirmed in free-living 
conditions over multiple days. Moreover, our cutpoints may only be suitable for 
healthy children, given that physical conditions may affect energy expenditure.74 
Future work should aim at evaluating whether different cutpoints should be used 
for different populations, based on age, sex, height, or body composition. 
 
Conclusions  
To our knowledge, this study is the first study evaluating physical activity 
intensity cutpoints, including cutpoints for sedentary activity, for the MW 8 in 
children.40 Given the increasing need for lifestyle interventions during 
childhood75, these intensity cutpoints for the MW8 provide researchers with a 
valid and objective tool for recording habitual intensity of activity patterns in 
children. 
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APPENDIX 
 
Supplementary Table 1. Characteristics of participants who performed the 
resting activity (N=19) 
 
Participant characteristic Mean (SD) or N (%) 
Age (years) 9.8 (0.9) 
Height (inches) 56 (4.6) 
Weight (pounds) 83.1 (26.5) 
BMI (kg/m2) 18.4 (3.9) 
BMI percentile (%) 54.8 (32.6) 
Waist circumference (inches) 25.9 (4.5) 
Gender  
     Male 12 (63.2) 
     Female    7 (36.8) 
Race  
    Caucasian 12 (63.2) 
    African American   7 (36.8) 
Pubertal development  
     1   1 (5.3) 
     2   6 (31.6) 
     3 10 (52.6) 
     4   2 (10.5) 
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